To compare the relative abundance of Fusarium in soils of ginseng seedlings, the description of Rousk et al. (2010) with minor modification. Standard curves were 2 0 6 8 generated using 10-fold serial dilution of a plasmid containing a full-length copy of 2 0 7
F. oxysporum 18S rRNA gene to estimate the copy numbers of Fusarium. qPCR 2 0 8
reactions (25 µL) were performed using a SYBR Green PCR Master mix (Takara, 2 0 9
Toyobo, Japan). Fusarium copy numbers were generated using a regression equation
for each assay relating the cycle threshold value to the known number of copies in 2 1 1 the standards. Biological control is one of the most remarkable potential approaches for plant a dual culture assay was used to screen microbial antagonists against F. oxysporum.
1 8
Rhizosphere soils of three-year ginseng seedlings under root growth stage were used 2 1 9
to isolate and select the antagonistic bacteria against F. oxysporum. The pathogenic F.
oxysporum was isolated and confirmed in our previous study (Wang et al., 2016) . Soil (10 g) was homogenized in 100 mL of sterile distilled water, and the bacteria 2 2 2
were isolated through serial dilution technique. The isolated single strain was screened on the basis of its antagonistic activity against F. oxysporum in a dual description of Kaiser et al. (2005) to screen the antagonistic bacterium and examine 2 2 7
the antagonistic activity of the candidates. Identification of antagonistic bacterial strain
Antagonistic bacterium (named strain 50-1) was identified by morphological and 2 3 1 molecular methods. The morphology of strain 50-1 was recorded after it was 2 3 2 incubated on Luria-Bertani (yeast extract (5 g), peptone (10 g), NaCl (10 g), and identified by amplifying 16S rRNA according to the description by Cai et al. (2012) .
The amplified PCR product was analyzed on a 3730 XL sequencer (Applied following standard parameters. The numbers at the branch knots were bootstrap
values based on 1000 resamplings for the maximum likelihood.
4 1
To further identify the strain 50-1, total genomic DNA from strain 50-1 was 2 4 2 extracted (Tiangen, Beijing, China) and purified by RNase-free DNase I (Takara,
Kyoto, Japan) to analyze its genome. The complete genome sequence was assembled sequencing platforms (Koren et al., 2012) . Genome sequencing was performed with
Illumina HiSeq2500 using the PE250 strategy following the manufacturer's protocol.
4 7
The reads obtained with Illumina PCR adapter and the filtered low-quality reads
were assembled by SOAPdenovo (Li et al., 2008; Li et al., 2010) to generate 2 4 9
scaffolds. Gene prediction genome assembly was performed using Glimmer and GeneMarkS-generated parameters and Heuristic model parameters. A genome Evaluation of the biocontrol efficacy of antagonists in replanting soils 2 5 7 A pot experiment was performed to assess the biocontrol efficacy of bacterium 50-1
in replanting soils in our phytotron. Each pot contained 1 kg of soils cultivated with ginseng seedlings for three years and happened root rot. Two-year-old ginseng were inoculated with 1 mL (10 6 cfu mL− were evidently higher in the soils of 3-y and 4-y seedlings than those in the soil of 2-y seedlings. PCoA ordination and Bray-Curtis distance matrix revealed evident difference in significantly differed from those in soils of 3-y seedlings (Fig. 3C) . Additionally, the communities in soils of 3-year-old seedlings significantly differed from those in soils
of 2-y and 4-y seedlings; furthermore, the second principal component (13.98%
contributions) demonstrated that the bacterial communities in soils of 2-y seedlings
differ from those in soils of 4-y seedlings (Fig. 3D ). LEfSe revealed differences in PCoA ordination and Bray-Curtis distance matrix revealed that fungal those of the fungal communities in the soils of 3-y seedlings (Fig.3E ). At the 3 3 0 flowering and fruiting stages, the first principal components (25.71% and 38.96% seedlings, and the second principal component (14.93% contribution) in fungal
communities in soils of 2-y seedlings differed from those of fungal communities in
soils of 4-y seedlings (Fig. 3H ). According to LEfSe analysis, fungal composition The relative abundance of bacterial groups changed in soils of ginseng plants of 3 4 4 different ages and developmental stages (Fig. 4) . The relative abundance of
Chthoniobacteraceae, Chthonomonadales, Chthonomonadetes, Chthoniobacter,
Granulicella, and Blastocatella declined with plant age in vegetative stage (Fig. 4A) .
The relative abundance of Arthrobacter, Brevundimonas, Micrococcaceae,
Rhodobiaceae, Intrasporangiaceae, and Micrococcales was significantly higher in flowering stage (Fig. 4B) . The relative abundance of Bacillus, Enterobacteriales,
Enterobacteriaceae, Brevundimonas, and Anaerolineae was significantly higher in
soils of 3-y and 4-y seedlings than that in soils of 2-y seedlings; additionally, the 4-y seedlings in fruiting stage (Fig. 4C) . The relative abundance of Paralcaligenes,
Sphingomonadaceae, Saccharibacteria, Sphingomonas, and Alcaligenaceae
significantly decreased with plant age, whereas the relative abundance of Pandoraea,
Chlamydiales, and Chlamydiae was obviously higher in soils of 3-y and 4-y 3 6 1 seedlings than that in soils of 2-y seedlings in root growth stage (Fig. 4D ). The relative abundance of fungal taxa changed in soils of ginseng plants of different ages and developmental stages (Fig. 5) . The relative abundance of
Cystofilobasidiales, Ophiostomataceae, Ophiostoma, Ophiostomatales, and
Cystofilobasidiaceae significantly declined with seedling age, and the abundance of
Pezizales, Cantharellales, Dendryphion, Pezizomycetes, and Tubeufiaceae was 3 6 9 evidently higher in soils of 4-y seedlings than those in soils of 2-y and 3-y seedlings
in the vegetative stage (Fig. 5A) . The relative abundance of Microascales, Helicoma,
and Tubeufiaceae was obviously higher in soils of 4-y seedling than those in soils of 2-y and 3-y seedlings in the flowering stage (Fig. 5B) . The relative abundance of
Tremellales, Acrospermales, Occultifur, Acrospermum, Cystobasidiales,
Cystobasidiaceae, and Cystobasidiomycetes was markedly higher in the soils of 4-y
seedlings than that in the soils of 2-y and 3-y seedlings in fruiting stage (Fig. 5C ).
7 6
The relative abundance of Zygomycota was obviously lower in soils of 3-y and 4-y 3 7 7
seedlings than that in soils of 2-y seedlings, and the abundance of Tremellomycetes,
Chytridiomycota, and Sordariales significantly increased in soils of 4-y seedlings
than those in soils of 2-y and 3-y seedlings in root growth stage (Fig. 5D) .
The relative abundance of Fusarium showed increasing trends in the soils of the seedlings in the flowering, fruiting, and root growth stages, respectively (Fig. 5E) .
The copy numbers of Fusarium also showed similar trends based on the analysis of quantitative PCR (Fig. S4) . These results revealed that the relative abundance of 3 8 7 pathogenic agent increased in soils during ginseng growth. Bacillus subtilis 50-1 were responsible for the biocontrol of F. oxysporum
Due to the relative abundance of pathogenic agent (Fusarium) increase in the 3 9 1 ginseng soils, dual culture techniques were used to isolate microbial antagonists 3 9 2 against F. oxysporum to control root rot. Antagonistic bacterium, namely, B. subtilis
50-1, was isolated and confirmed using a dual culture technique (Fig. 6 ). Strain 50-1
exhibited a broad spectrum of growth inhibition activity against F. oxysporum,
thereby resulting in 67.8% inhibition percentage (Fig.6A ). Strain 50-1 is a
Gram-positive, oxidase-and catalase-positive, rod-shaped bacterial species (Fig.6B , Table S4 ). Analysis of the 16S rRNA sequences revealed that strain 50-1 belonged to
B. subtilis with the bootstrap value of 100% (Fig. 6C ). Strain 50-1 was further Table S5 ). The total numbers of genes were 4,193, which covered 88.6% of the The pot experiment analysis revealed that ginseng death rate and the relative replanting soils inoculated with strain 50-1, respectively (Fig. 7) . Furthermore, the with strain 50-1 (Fig. S6) . These results revealed that inoculation of biocontrol Replanting problem is a common and serious issue in cultivation of medicinal plants.
Following replantation, Rehmannia glutinosa suffers from disease, and its biomass
and tuber quality decline (Qi et al., 2009; Wu et al., 2011; Yang et al., 2011) . The 4 2 2 survival rate of ginseng seedlings is lower than 25% after replantation for three years and crop yield (Bisseling et al., 2009; Bulgarelli et al., 2013) . In addition,
rhizospheric microbial community is governed by plant species and growth (Incroğlu occurrence of the disease is a useful strategy to alleviate the replanting issues.
Biological control is one of the most remarkable potential approaches for plant 4 3 2 disease control because of its safety and environmental friendliness. revealed that bacterial diversity was obviously low, whereas fungal diversity was bacterial diversity and increased fungal diversity (Xiao et al., 2016) . Moreover,
diversity of microbial community in the rhizosphere of Pseudostellaria heterophylla
decreases with increased number of cropping years (Zhao et al., 2016) . Additionally, negatively correlated, which suggest that fungal diversity is a potential bioindicator 4 4 7 of soil health (Dong et al., 2016) . A relationship exists between microbial diversity 4 4 8
and root disease suppression (Nitta, 1991; Workneh & van Bruggen, 1994) . Mazzola The bacterial and fungal compositions evidently differed in the rhizospheres of (Luteolibacter, Cytophagaceae, Luteibacter, and Sphingomonas), and resist disease Biological control using microbes is an environmentally friendly approach of
controlling disease (Bargabus et al., 2003; Tjamos et al., 2005) . In our study, we against bacterial fruit blotch is evident in a greenhouse (Jiang et al., 2015) . B. activity reveals that these strains produce glucanases, proteases, chitinases, al., 2012). In our study, the genome sequence of strain 50-1 helps accelerate the development and application of biological inoculant. The details were online.
2 3
Table S1 Description of developmental stages of ginseng and the sampling times. Figure S1 Changes in bacterial and fungal community in rhizosphere of ginseng
seedlings of different ages and developmental stages. (81603238 and 81403053). 
